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 A Freshman Seminar: Energy – The History of a Concept 
W. Jeffrey Hughes,  Department of Astronomy,  Boston University 
 
Abstract:  This new freshman honors seminar, to be first offered in Spring 2019,  uses the development of the concept of energy from the 17th to the 20th century to 
combine the teaching of both scientific inquiry and intellectual history. By reading original papers as well as modern works, students trace the concept of energy from 
Leibniz's vis viva, through the development of steam power and thermodynamics to relativity and quantum concepts. Students also explore how the concept of energy 
and the conservation of energy is central to our current understanding of both life and the physical universe and to the way humans live today. 
Feynman on Energy: “It is important to realize that in physics today , we have no knowledge of 
what energy is.  We do not have a picture that energy comes in little blobs of a definite amount.  
It is not that way.  However, there are formulas for calculating some numerical quantity, and 
when we add it all together it always gives the same number.  It is  an abstract thing in that it 
does not tell us the mechanism or the reasons for the various formulas.”   
Richard Feynman, Chapter 4, Lectures on Physics, 1963.   
The Participants: The seminar will be restricted to students in Boston University’s Kilachand 
Honors College, a program that admits about 10% of the incoming class  drawn from among all 
ten undergraduate schools (i.e., Arts and Sciences; Engineering; Business; Fine Arts; Education; 
Communications; etc.). Each semester of their freshman year Kilachand students pick a seminar 
from a wide selection of topics. Each seminar is limited to 15 students  to ensure that all students 
are engaged in discussion.  Students bring a wide diversity of backgrounds to the seminar.   
Background and Goals: Energy is a subtle concept; Feynman asserts that “we have no 
knowledge of what energy is.“(see pink box below). And yet energy is a concept central to 
modern society – we have a Department of Energy, discuss energy policy, and financial markets 
refer to the energy sector. The word “energy” in its modern sense was first used by Thomas Young  
in a lecture given  in 1802, but it didn’t enter general scientific use until the mid 19th century. This 
seminar will address the questions “What is energy?” and “Why is it a useful concept?” by tracing 
the historical development of the concept and its precursors. Beginning with Newton, with 
Leibniz’s  notion of vis viva (living force), and theories of heat, we will progress to the 19th century 
development of thermodynamics which is closely coupled with the growth of industry and steam 
power, and on to 20th century understanding encapsulated in E = mc2. Finally we will explore how 
the concept of energy and the conservation of energy are central to our current understanding of 
the physical and biological worlds. This seminar involves natural science, intellectual history and 
the history of science. Students will learn what energy is, how it can be converted from one form 
to another, and why energy, a concept invented by humans, is so central to our understanding of 
both life and the physical universe and to the way humans live today.  
Specific Course Objectives: Students who complete this course will be able to: 
1. Trace the development of the concept of energy over the past three centuries, 
2. Describe the contributions made by a number of key figures, including the experimental or 
other evidence they brought to bear and the arguments they made. 
3. Create arguments relating the development of scientific ideas to the technological and social 
environments within which they arose. 
4. Explain how the concept of energy and the principle of the conservation of energy are used 
to understand physical and biological processes, and trace the flow of energy in these 
processes. 
5. Explain the need for free energy to power physical and biological processes and discuss how 
this need might lead to “the heat death of the universe.”  
Learning Outcomes addressed by this course: This course will satisfy Boston University’s 
general education requirements  Historical Consciousness and Scientific Inquiry I, which are 
required of all undergraduates. Students who take this course will:  
o Read original historic science papers and examine the scientific evidence the authors used to 
reach their conclusions. In class they will discuss their and others interpretations of the 
readings, including the secondary sources that help put the original works in perspective. 
Building on these resources, students will write papers that include historical narratives based 
on the historical evidence they have examined -- what the historical figures wrote and what 
they were thinking and why. 
o Place the development of scientific ideas and theories in the broader context of the changing 
social, intellectual, religious, and technological conditions in western Europe during the 17th-
20th centuries. The industrial revolution, the French revolution, and other social/political 
changes during this period had a profound influence on how scientists worked and thought 
and how they were rewarded. Students will examine how the creation of scientific societies, 
the changing university curriculum, the increasing need of the military and national 
governments for scientific and technical expertise, and the increasing economic importance 
of technological innovation changed the conduct of science, changing it from an intellectual 
pastime into a profession. 
o Use the concept of energy, together with the first and second laws of thermodynamics, to 
understand the workings of the earth as a planet, the workings of living organisms, and the 
working of the universe as a whole. In each case we will examine the sources of energy, the 
energy budget and energy transport through the system. We will also consider how the use of 
energy in modern society can change the earth's energy balance. 
Week Topic 
Week 1 Introduction to Energy, Newton  
Week 2 17th century physics, vis viva, “imponderable fluids” 
Week 3 The Calorific theory and the mechanical equivalent of heat  
Week 4 Early steam engines, steam and work  
Week 5 French Mathematicians and English Experimentalists 
Week 6 Equivalence of forms of Energy, Conservation of Energy  
Week 7 Potential and Kinetic Energy 
Week 8 Kinetic Theory of Gasses and the 2nd law of Thermodynamics  
Week 9 Birth of Quantum Physics and Relativity 
Week 10 The Atomic Nucleus and Nucleosynthesis 
Week 11 Energy and Planet Earth 
Week 12 Energy and Life on Earth 
Week 13 Energy and Modern Life 
Week 14 Energy in the Universe and Entropy Heat Death 
Historic scientific papers: as well as modern texts, student will be required to read historic 
scientific papers  and discuss them in class. It is hoped that this exercise will enable students to 
place intellectual inquiry and advances into the context of their times through reading the 
scientists’  concerns and arguments  for themselves, rather than through a modern interpretation. 
The list of possible  papers is still evolving, and I welcome further suggestions. The current list   
includes:  
Isaac Newton, Opticks, London, 1704. (readings on Newton’s experiments exploring the nature of color.)  
Benjamin Thompson (Count Rumford), An inquiry concerning the source of heat which is excited by friction, Phil. 
Trans. Roy. Soc., 80, 1798. 
John Dalton, Experiments and observations on the power of fluids to conduct heat, Memoirs of the Literary and 
Philosophical Society of Manchester, Vol V, p.346, 1801.    
William Henry, A review of some experiments which have been supposed to disprove the materiality of heat, 
Memoirs of the Literary and Philosophical Society of Manchester, Vol V, p.603, 1801.    
Sadi Carnot, Reflections on the Motive Power of Fire (original in French), Paris, 1824.   
James Joule, On the Mechanical Equivalent of Heat, Philosophical Magazine. Series 3, vol 27, p.205, 1845. 
William Rankine, On the general law of the transformation of energy, Philosophical Magazine. Series 4, vol 5, 
p.106, 1853. 
Michael Faraday, (selections from) The Forces of Matter, London, 1859. 
James Clark Maxwell, (selections from) Matter and Motion, London, 1877. 
William Thomson (Lord Kelvin), On the age of the Sun’s heat, Macmillan’s Magazine, vol 5, p.388, 1862. 
William Thomson (Lord Kelvin), Kinetic Theory of the dissipation of Energy, Nature, vol 9, p. 441, 1874.  
J.J. Thompson, Cathode Rays, Philosophical Magazine. Series 5, vol 44, p.25, 1897. 
Albert Einstein, On a heuristic point of view about creation and conversion of light (original in German), Ann. 
Physik, vol 17, p.132, 1905. 
Ernest Rutherford, The scattering of α and β particles by matter and the structure of the atom, Philosophical 
Magazine. Series 6, vol 21, p.669, 1911. 
Niels Bohr, On the Constitution of Atoms and Molecules, Philosophical Magazine. Series 6, vol 26, p.1, 1913. 
Fred Hoyle, W.A. Fowler, G.R. Burbidge, and E.M. Burbidge, Origin of the Elements in Stars, Science, vol 124, p.611, 
1956.  
Course Schedule  
Modern Texts 
Robin Arianrhod, Seduced by Logic: Emilie du Chatelet, Mary Somerville and the Newtonian 
Revolution. Oxford University Press,  
Bruce J. Hunt, Pursuing Power and Light: Technology and Physics from James Watt to Albert 
Einstein, Johns Hopkins University Press, 2010.  
Robert D. Purrington, Physics in the Nineteenth Century, Rutgers University Press, 1997.  
Vaclav Smil, Energy, A Beginner’s Guide, Oneworld Publications, 2017.  
Albert Einstein (1879 – 1955) 
William Thomson, Lord Kelvin (1824 – 1907) 
James Prescott Joule (1818 – 1889) 
Émilie, Marquise Du Châtelet (1706  – 1749) 
Gottfried Wilhelm von Leibniz (1646  – 1716) 
Sir Isaac Newton (1643 –  1727) 
James Watt (1736 – 1819) 
Mary Somerville (1780 –  1872) 
James Clerk Maxwell (1831 – 1879) 
Sir Arthur Stanley Eddington (1882 – 1944) 
